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Abstract 


Background: The existence of human enteric coronavirus (HEC) has been debated since its first description in stool 
by electron microscopy (EM) in 1975. Needed to resolve the issue is its cultivation in readily available cell lines. 

Objectives: To grow HEC in cell lines. To describe its characteristics and to differentiate it from other human and 
animal coronaviruses. 

Study design: Originally grown in human fetal intestinal organ culture, HEC was passed in J774 cells (a mouse 
macrophage cell line) and C6/36 cells (a mosquito cell line). Its cytopathic effect (CPE) and pattern of immunofluores- 
cence were described. Its appearance was ascertained by negative staining and transmission EM. Its structural 
proteins were delineated by polyacrylamide gel electrophoresis (PAGE) and Western blotting (WB). The antigenic 
character of the virus was determined by immunofluorescence and WB. Agglutination with mouse erythrocytes was 
performed. 

Results: In J774 cells, HEC induced the formation of giant cells and small syncytia. Immunofluorescence in both 
J774 and C6/36 cells was limited to the cytoplasm. Studies with transmission EM revealed the virus to have the typical 
appearance of other coronaviruses, to be 80-120 nm in diameter, and to bud into cysternae of the endoplasmic 
reticulum. By PAGE and WB, its major protein has an average molecular weight (MW) of 41 kilodaltons (kDa). Two 
other proteins had MWs of 190 and 24 kDa. By immunofluorescence and WB, HEC is antigenically distinct from 
human coronaviruses 0C43 and 229E and mouse hepatitis virus (A59 strain). Preparations of HEC did not 
agglutinate mouse erythrocytes. 

Conclusion: We conclude that HEC is a human coronavirus that is antigenically unrelated to 0C43 and 229E 
viruses. Growth of HEC in readily available cell lines should aid in elucidating its role as a pathogen in human 
diarrheal illnesses. © 1999 Elsevier Science B.V. All rights reserved. 
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1. Introduction 


Since the first reports in 1975 of its presence 
in stool as determined by electron microscopy 
(EM), the existence of human enteric coro- 
navirus (HEC) has been debated (Caul et al., 
1975; Mathan et al., 1975). Some investigators 
have considered these particles as viruses and as 
potential pathogens in human diarrhea, necrotiz- 
ing enterocolitis, and malabsorption. Others cite 
their variable size and appearance, their pres- 
ence in control stool specimens and failure to be 
cultivated in tissue culture as evidence that they 
might represent cell debris or even portions of 
other microorganisms (Macnaughton and 
Davies, 1981). Critical to its acceptance as a 
virus and a potential human pathogen is its 
growth in (a) readily available cell line(s) and 
the accessibility of virus seed stocks in a deposi- 
tory like the American Type Culture Collection 
(ATCC). It will also be important to exclude the 
possibility that HEC is not a known human res- 
piratory coronavirus strain (229E or OC43) that 
for some reason has been found in stool or that 
the virus does not represent a laboratory con- 
taminant of a known animal coronavirus, such 
as mouse hepatitis virus (MHV). 

In 1982-1983, three clusters of cases of necro- 
tizing enterocolitis (NEC) occurred at the Spe- 
cial Care Nursery, Parkland Memorial Hospital, 
Dallas, TX (Resta et al., 1985). In contrast to 
endemic NEC, these outbreaks were in older, 
higher birth weight infants and the case fatality 
rate was lower. Coronavirus-like particles 
(CVLPs) were seen in stools by EM and the 
virus could be passed in human fetal intestinal 
organ culture. However, embryonic tissues were 
available in only a few centers and soon we also 
could not obtain these tissues. This report de- 
tails the adaptation of HEC to a mouse peri- 
toneal macrophage cell line (J744 cells), and to 
a mosquito cell line derived from Aedes al- 
bopictus mosquitoes (C6/36 cells). J774 cells 
were used because they support the growth of 
MHV. The use of C6/36 cells was a chance 
event. These cells were growing in the labora- 
tory and we included them in the cells that were 
tested. 


2. Materials and methods 


Human fetal intestinal (HFI) organ cultures 
were prepared and used as outlined (Resta et al., 
1985). The J774 and C6/36 cells were obtained 
from the ATCC. The cell lines were fed every 3 
days with RPMI medium, 2% fetal calf serum, 
glutamine, penicillin and amikacin. The C6/36 
cells were maintained at 28°C while the other cells 
were kept at 37°C. Virus seed stock was prepared 
by passing HEC 15 times in HFI organ cultures 
and three times in J774 cells. The material from 
this last passage was frozen and thawed once and 
1 ml of the resuspended slurry was placed into 
nunc vials and stored at — 70°C. It has been 
determined to be bacteriologically sterile and free 
from mycoplasma contamination and has been 
sent to the ATCC. For demonstration of the virus 
and its antigenic characteristics, this virus seed 
stock, a later passage in J774 cells or low passage 
virus in C6/36 cells were used. Virus was also 
grown in medium containing 10 pugm/ml of 
trypsin (Storz et al., 1981). 

Fluorescence microscopy was performed by 
preparing a suspension of cells; low speed cen- 
trifugation at room temperature, resuspending the 
cells in phosphate buffered saline (PBS), recen- 
trifugation and final resuspension of the cells. Ten 
wells of a multi-welled slide were filled with this 
final suspension, air dried and fixed in acetone at 
— 20°C for 10 min. Slides were stored at — 20°C. 
Infected cells and uninfected control cells were 
overlaid with immune and non-immune human 
sera, incubated at 37°C for 30 min, washed with 
PBS and then stained with flouresceinated anti- 
human Ig (IgG, IgA, and IgM) or anti-human 
IgM or anti-animal IgG. J774 cells are known to 
contain receptors for the Fe portion of IgG. To 
perform flourescence microscopy on these cells, 
we used only anti-human IgM conjugates. 

Negative stain electron microscopy (EM) was 
performed by fixing the supernatants of infected 
cells with 2% glutaraldehyde, low speed centrifu- 
gation after 24 h fixation and subsequent centrifu- 
gation of the remaining supernatant at 130000 g 
for 90 min at 4°C. The precipitate was resus- 
pended in distilled water. Negative staining was 
accomplished with 2% phosphotungstic acid 
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(PTA) at a pH of 7.2. Transmission EM with J774 
cells was performed by standard methods (Ben- 
cosme and Tsutsumi, 1970). 

Preparations of HEC for polyacrylamide gel 
electrophoresis (PAGE) and Western blotting 
(WB) were made by growing the virus in J774 and 
C6/36 cells. When the infected cell suspension as 
determined by immunofluorescence approximated 
25%, the cells were scraped from the surface of 
the flask, the contents frozen and thawed once 
and the supernatant was separated after centrifu- 
gation at 10000 g for 20 min at 4°C. The saline 
concentration of the supernatant was adjusted to 
2.3% and polyethylene glycol (PEG) added to a 
concentration of 7%. After standing overnight at 
4°C, the solution was centrifuged at 10000 g for 
20 min at 4°C. The PEG precipitate was solubi- 
lized by adding ethylenediaminotetraacetic acid in 
normal saline that was buffered at a pH of 7.2. 
The resulting solution was placed on a 20-60% 
sucrose gradient and centrifuged at 130000 g for 
18 h at 4°C. The bands obtained at or near 
mid-gradient were subjected to PAGE and silver 
stained. 


WB was accomplished by taking the bands in 
the mid or near-mid sucrose gradient, adding a 
buffer containing sodium dodecylsulfate (SDS) 
without a reducing substance and heated at 100°C 
for 5 min. The solubilized proteins were separated 
by PAGE in a tris-buffered (pH 8.2) solution 
containing glycine and SDS. The PAGE separated 
proteins were transferred to a nitrocellulose mem- 
brane and blocked with 5% bovine serum albumin 
and 0.2% NP40 in TBS overnight. After drying, 
strips were cut for WB. The WB strips were 
reacted overnight with sera at a 1:50 dilution 
followed by the addition of biotinylated anti-hu- 
man or animal antisera (1:250 dilution), strep- 
tavidin peroxidase (1:250 dilution) followed by 
color development after the addition of a chro- 
mogenic substrate. Between each step, the strips 
were washed three times in tris-buffered saline. 
The biotinylated antisera and streptavidin peroxi- 
dase were obtained from Kirkegaard and Perry 
Laboratories, Gaithersburg, MD. Hemagglutina- 
tion studies were performed with mouse erythry- 
ocytes, 0.05%, suspended in PBS, pH 7.4. OC43 
and 229E antigens and antisera were obtained 


Fig. 1. Transmission electron microscopy of infected J774 cells. The picture is at a magnification of 112500. 
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100 nm 


Fig. 2. CVLPs from negatively stained resuspended pellets prepared from supernatants of infected cells. Row 1, frames 1 and 2: J774 
cells. Row 1, frame 3, row 2, frame 1: C6/36 cells. Row 2, frames 2 and 3: pooled supernatants from J774 and C6/36 cells at 13 and 


20 days after inoculation of virus seed stock. 


from Dr John Hierholzer of the Centers for Dis- 
ease Control, Atlanta, GA. For WB, antigens 
were further purified by equilibrium sucrose den- 
sity ultracentrifugation. Dr Kathryn Holmes of 
the University of Colorado Medical Center, Den- 
ver, CO supplied rabbit antiserum (« N) against 
the N protein of mouse hepatitis virus (MHV 
A59). 


3. Results 


The addition of 0.2 ml of the virus seed stock 
caused the appearance of a cytopathic effect 
(CPE) in J774 cells in 7-14 days. The CPE was 
accelerated by the addition of 10 ugm/ml of 
trypsin. The CPE consisted of the formation of 
giant cells and small syncytia. In C6/36 cells there 
was no apparent CPE. Immunofluorescent stain- 
ing of the cytoplasm of both cell types could be 
demonstrated by the addition of immune but not 
non-immune sera followed by the appropriate 
fluoresceinated conjugate. Immunofluorescence 
appeared first in J774 cells and soon after in 


C6/36 cells; in an occasional titration in C6/36 
cells, immunofluorescence appeared late but was 
always present 21 days after inoculation. With 
J774 cells, the addition of fluoresceinated anti-hu- 
man Ig resulted in fluorescence of all the cells 
because these cells contain receptors for the Fe 
fragment of IgG. Specific reactions in J774 cells 
could only be demonstrated with the use of im- 
mune sera and a fluoresceinated anti-Hu IgM 
conjugate. Initially, the only IgM antibody posi- 
tive sera we had were from the infants identified 
in the epidemic. 

Patients with human immunodeficiency virus 
(HIV) infection have been noted to have CVLPs 
in stool (Kern et al., 1985; Grohmann et al., 
1993). We surveyed a group of these patients and 
found that some of them had high titers of Ig and 
IgM antibody to HEC. By using these sera, we 
were able to follow passages and determine 
whether or not the quantity of virus was increas- 
ing. Because of the presence of Fe receptors on 
J774 cells, we could not determine whether mouse 
antiserum to OC43 virus or guinea pig antiserum 
to 229E virus would specifically stain infected 
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cells. However, C6/36 cells could be utilized. Al- 
though infected C6/36 cells were brightly stained 
by human immune sera, they were not stained by 
a 1:10 dilution of OC43 antiserum and only non- 
specifically by 229E antiserum. This non-specific 
immunofluorescence affected all cells, was identi- 
cal in control cells, was not reduced by prior 
reaction with immune human sera and completely 
disappeared at a 1:40 dilution. 

Transmission electron microscopy (TEM) of in- 
fected J774 cells revealed the presence of CVLPs 
budding into cysternae of the endoplasmic reticu- 
lum (Fig. 1). An interior nucleocapsid-like struc- 
ture could be seen along with elongated 
peplomers which had clubbed ends. By TEM, the 
CVLPs had diameters ranging from 80 to 120 nm. 
Negatively stained EMs of ultracentrifuged glu- 
taraldehyde fixed supernatants from both cell 
types revealed CVLPs (Fig. 2). In negatively 
stained EMs, the CVLPs were more pleomorphic, 
ranging from 70 to 125 nm in diameter. A rare 
particle had a diameter of 220 nm. For 20 parti- 


Fig. 3. PAGE of PEG precipitate centrifuged on a 20-60% 
sucrose gradient at 130000 g for 18 h at 4°C and silver stained. 
The column on the right was from a band at mid-gradient; the 
column to the left was from a band just above mid-gradient. 
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Fig. 4. Western blot of OC43 antigen and various antisera. 
Note that OC43 and A N antisera stain the major protein N 
at 49 kDa whereas Patient 1 (Ig and IgM) does not nor does 
antiserum to 229E. 


cles with typical morphology, the median and 
mode values were 100 nm each. PEG precipitated 
virus prepared in J774 cells were subjected to 
equilibrium sucrose density ultracentrifugation. 
Two bands at the mid-center of the gradient were 
collected, subjected to PAGE and silver stained 
(Fig. 3). The band on the right was at mid-qradi- 
ent, 4.8 cm from the bottom. The band on the left 
was collected 5.9 cm from the bottom of the 
gradient. 

Western blots were prepared using sucrose gra- 
dient purified OC43, 229E, and HEC viruses 
(Figs. 4-6). With the OC43 WB, staining was 
seen with OC43 antiserum and the « N antiserum 
to the N protein of MHV (strain A59). There was 
no staining with 229E antiserum or with Patient 
1, IgM. Patients 1, 3, 5 and 6 had AIDS. Patient 
2 was from a developing country and Patient 4 
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was an infant involved in the original nursery 
outbreak. With the 229E WB, staining is seen 
with 229E antiserum but not OC43 nor « N nor 
Patient 1 (Ig). The HEC WB shows three prepara- 
tions from different samples of infected J774 cells. 
Note in panel 1 the reaction of Patient 1, IgM to 
two protein bands located below 49 kDa and the 
absence of any reactions to these bands with 
229E, OC43, and « N antisera. The second and 
third panels demonstrate IgM antibody reactions 
to the protein band below 49 kDa as well as to 
other proteins. A WB was also prepared from 
infected C6/36 cells and similar and additional 
bands were observed (Fig. 7). Since we used 
prestained molecular weight markers, we can only 
estimate the molecular weights of HEC. In aver- 
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Fig. 5. Western blot of 229E antigen and various antisera. 
Note that 229E antiserum stains the major protein N at or 
around 49 kDa but this protein is not stained by antisera to 
0C43, A N or from Patient | (Ig). 


age, the proteins range in molecular weight from 
24 to 190 kDa; the major protein (N) centers at 
about 41 kDa. Two other protein bands are seen, 
one at 124 kDa and the other at 64 kDa, particu- 
larly in the C6/36 cell preparation. These bands 
are similar to and different from the OC43 and 
229E WBs in which the same pre-stained molecu- 
lar weight markers were used. Preparations of 
HEC did not agglutinate mouse erythrocytes. We 
had no success in passaging this virus in other cell 
lines (MRC-5, A549) nor intracerebrally in suck- 
ling mice. Human colonic tumor (HCT-8) cells 
did not consistently replicate the virus. 


4. Discussion 


We have shown the appearance of CPE in J774 
cells after the addition of HEC. Viral immu- 
nofluorescence appears along with the presence of 
CPE in these cells and is localized to the cyto- 
plasm. In C6/36 cells, there was no CPE but viral 
Immunofluorescence appeared at about the same 
time as it did in J774 cells; occasionally immu- 
nofluorescence appeared later in C6/36 cells but 
was always present at 21 days after inoculation. 
We have shown that CVLPs are present in cyster- 
nae of the endoplasmic reticulum of infected J774 
cells and have diameters ranging from 80 to 120 
nm. After fixation with glutaraldehyde, the super- 
natants were subjected to ultracentrifugation, the 
precipitates resuspended and then negatively 
stained with PTA, pH 7.2. The preparations 
showed typical CVLPs that were slightly more 
pleomorphic than seen with TEM. Human im- 
mune sera stained the cytoplasm of both infected 
cell types. Mouse anti-OC43 and guinea pig anti- 
229E failed to stain infected C6/36 cells. We could 
not stain J774 cells with these reagents because 
these cells have Fe receptors for IgG and fluoresce 
non-specifically when these latter reagents were 
used. 

PAGE of a sucrose equilibrium density gradient 
revealed silver stained protein bands consistent 
with these particles being coronaviruses. Western 
blots of preparations of infected J774 cells and 
C6/36 cells showed bands that were consistent 
with those of other coronaviruses yet had some 
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Fig. 6. Western blot of HEC preparations from J774 cells. Note patient reactions to the major protein centering at 41 kDa where 
antisera to 229E, OC43, and « N do not stain this protein. PT3, IgM* represents a serum specimen obtained from patient 3 at a 


later date. 


properties that were distinctive from OC43 and 
229E viruses. With WBs prepared from infected 
J774 cells, we obtained bands with IgM positive 
human antisera that corresponded to those seen 
by PAGE and silver staining. Staining the HEC 
WBs with anti-OC43, 229E and « N antisera 
prepared against the A59 stain of MHV did reveal 
some non-specific staining but the antisera did not 
stain the N protein of HEC while IgM antibody 
of patients stained this protein. Non-specific IgG 
staining was observed most probably because we 
were not able to purify the preparations from the 
Fe receptors for IgG that were on the J774 cells. 
Antiserum from Patient 1 (Ig and IgM) did not 
stain the N protein of OC43 and 229E viruses. In 
WBs prepared from infected C6/36 cells, the IgM 
of several patients stained appropriate bands. The 
immunofluorescent stains of infected C6/36 cells 


revealed specific fluorescence with these antisera 
but not with antisera to OC43 and 229E viruses. 

We conclude from these studies that a coro- 
navirus has been isolated form human feces and 
that now can be passaged in cell lines. It has the 
EM appearance and size of a coronavirus and 
proteins consistent with that of other coro- 
naviruses but distinctive in several regards. These 
proteins react with immune human sera. Antisera 
to OC43, 229E viruses, and « N antiserum against 
MHV (A59) do not stain the N protein of HEC. 
By averaging different preparations, the proteins 
of HEC range in molecular weight from 24 kDa, 
presumably the M protein to 190 kDa, the S 
protein. Inconstant bands are present at 124 and 
64 kDa and could represent breakdown products 
of the S protein. The major protein, N, appears to 
center around 41 kDa, a size different from OC43 
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and 229E viruses. Antibodies to HEC may be 
prevalent in certain populations as determined by 
our capacity to obtain sera with IgM reactivity. 
The patients with AIDS had sera collected in the 
1980s, a relatively early part of the HIV epidemic. 

As determined by our transmission EMs, the 
nucleocapsid of HEC is typical of coronaviruses 
and different from that of toroviruses, a member 
of the family Coronaviridae (Beards et al., 1984; 
Koopmans and Horzinek, 1994). Toroviruses can 
be found in stools of animals and humans and 
have elongated peplomers. They have, however, a 
morphologically unique nucleocapsid that is 
coiled into a hollow tube with a diameter of 23 
nm and an average length of 104 nm. The molec- 
ular weights of torovirus proteins are different 
from that of coronaviruses. 

Bovine coronavirus (BCV) antibody has been 
found in human sera and there is a report of 
diarrhea occurring in a 6-year-old boy having 
contact with calves in whom a virus most proba- 
bly identical with BCV was isolated (Storz and 
Rott, 1981; Zhang et al., 1994). That virus differs 
form the HEC described in this report in that it 
has an N protein that approximates 50 kDa and 


Fig. 7. Western blot of HEC purified from infected C6/36 cells 
and human immune IgM positive antisera. Sera from these 
patients (Ig) stained the cytoplasm of infected C6/36 cells but 
antisera to OC43 and 229E viruses did not. 


also has a hemagglutinin/esterase glycoprotein. 
The N protein of BCV has an antigenic relation 
to the N protein of OC43 whereas the N protein 
of HEC is apparently distinct from OC43. As far 
as can be determined, HEC has no hemagglutinat- 
ing activity toward mouse erythrocytes although 
BCV does have that capacity. 

The first reports of CVLPs in stools of patients 
with diarrhea, were documented by EM. Caul and 
associates reported cultivation of these particles in 
human embryo intestinal organ culture and hu- 
man embryo kidney monolayers (Caul and 
Clarke, 1975). They were not able to prepare virus 
seed stocks that could be distributed to other 
investigators. In the early 1980s, four investigative 
groups found evidence of these particles in stool 
and tried to relate them to disease. In Paris, 
CVLPs were associated with outbreaks of NEC in 
1979 and 1980 in separate hospitals within the city 
(Chaney et al., 1982; Rousset et al., 1984). In 
Italy, they were associated with childhood di- 
arrhea and Gerna and colleagues presented evi- 
dence that linked them antigenically to OC43 
virus (Gerna et al., 1981, 1984, 1985). In Arizona, 
Ray and associates related their presence to di- 
arrheal disease in the nursery and then to diarrhea 
in the community (Vaucher et al. 1982; 
Mortensen et al., 1985). In Dallas, Texas in 1982— 
1983, several outbreaks of NEC and diarrhea 
occurred in a Special Care Nursery at Parkland 
Memorial Hospital (Resta et al., 1985). The dis- 
ease outbreaks suggested a transmissible agent 
since they affected older children, had a lower 
case fatality rate, tended to occur as clusters of 
cases, and disease incidence could be related to 
breaks in enteric isolation techniques. Using stool 
samples from these infants, a coronavirus was 
isolated in human fetal intestinal organ cultures. 

Since these tissues are no longer available, we 
attempted to pass these viruses to cell lines. In this 
report, we detail their passages in J774 and C6/36 
cells and further describe the characteristics of 
this agent. We have sent this passage virus to the 
ATCC with aliquots of human immune serum (Ig 
and IgM positivity) to help identify its presence in 
tissue culture cells and it now is in the process of 
authentication. Articles have consistently cited the 
difficulties in studying these particles and assign- 
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ing them pathogenic significance (Schnagl et al., 
1978, 1979; Rettig and Altshuler, 1985). The 
availability of HEC to interested investigators 
now should enable a more complete definition of 
the virus and aid in its identification as a potential 
pathogen in human diarrheal illnesses. 
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